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Description 

[0001] This invention relates to removing material from a surface. More particularly, the invention relates to the se- 
lective removal of material from the surface of a substrate by irradiation without altering the physical properties of 

5 material to be left on the substrate that is underlying or adjacent to the material to be removed. 

[0002] The present invention provides a process wherein the undesired material is subjected to polarized energetic 
photons which has been discovered to allow for the removal of contaminants without altering the physical characteristics 
in situations where a non-polarized application would have failed to either remove the material or remove it without 
altering the physical characteristics of the substrate. 

10 [0003] EP-A-0350021 describes an apparatus and method for selectively removing undesired material from the sur- 
face of a substrate by providing a flow of inert gas over the undesired material substrate surface while irradiating the 
undesired material with energetic photons. The invention enables removal of undesired material without altering the 
physical properties of the material underlying or adjacent the removed, undesired material. 

[0004] FR-A-2671430 involves a method for etching a film characterized in that the back side of a substrate is irra- 
15 diatedby a laser beam across whose path is placed a mask. The energy of the beam is sufficient to expel the unmasked 
portion on the film on the front side due to the "very abrupt heating" of the material in the vicinity of the substrate/film 
interface without damaging the surface of the film. 

[0005] EP-A-0111060 describes a system for ablative photo decomposition of organic biological materials such as 
unhealthy tissue from bone or unhealthy material from skin which relies on the explosive nature of the volatile product. 

20 [0006] Effective removal of undesired material from the surface of a substrate is a critical aspect of many important 
materials processing and product fabrication processes. As described in the US Patent No. 5,643,472, undesired 
materials (which may also be considered as contaminants) include particles, unwanted chemical elements or com- 
pounds, and films or layers of material. Particles may be discrete pieces of matter ranging in size from submicrons to 
granules visible to the unaided eye. Undesired chemicals include any element or compound which, at the time at which 

25 the removal process is performed, is undesirable. For example, hydroxyl groups (-OH) may be a desired reaction 
promoter on the surface of a substrate at one stage of a process and may be an undesired contaminant at another 
stage. Films or layers of material may be organic, such as human body oil from fingerprints, paint, and epoxy, or 
inorganic, such as oxides of the substrate material or other inorganic materials to which the substrate has been exposed. 
[0007] Such undesired materials may need to be removed to render the substrate more useful for its intended pur- 

30 pose. For example, in certain precise scientific measurement devices, accuracy is lost when optical lenses or mirrors 
in the devices become coated with microfine surface contaminants. Similarly in semiconductors, surface defects due 
to minor molecular contaminants often render semiconductor masks or chips worthless. Reducing the number of mo- 
lecular surface defects in a quartz semiconductor mask by even a small amount can radically improve semiconductor 
chip production yields. Similarly, removing molecular surface contaminants, such as carbon or oxygen, from the surface 

35 of silicon wafers before circuit layers are deposited on the wafer or between deposition of layers significantly improves 
the quality of the computer chip produced. 

[0008] Selective removal of layers of the substrate material may be done to form very small-scale structures on the 
substrate surface (so-called "nanostructures"). Material (whether substrate material, oxide layers, or other layers of 
material) may also be selectively removed in differing amounts across the surface of the substrate to changes the 

40 surface topography of the substrate (such as smoothing a rough surface). 

[0009] Material processing equipment often requires treatment for removal of undesired material to prevent contam- 
ination of products processed by the equipment. For example, a significant portion of the undesired material that ulti- 
mately contaminates silicon wafers during production emanates from production apparatus such as process chambers 
in which the wafers are placed, quartz wafer boats used to hold wafers for passage through quartz furnace tubes (and 

*5 the furnace tubes themselves), and pipes that conduct processing gas to the chambers. Accordingly, the level of wafer 
contamination experienced during the course of production can be significantly reduced by the periodic cleaning of 
such apparatus. 

[001 0] In general, any process used for removing material from a substrate should do so without affecting the physical 
properties of the (desired) material that remains. The physical properties that should remain unaffected can in general 

so include crystalline structure, conductivity, density, dielectric constant, charge density. Hall coefficient, and diffusion 
coefficient for electrons/holes. In particular semiconductor applications (such as metal oxide semiconductor ( n MOS M ); 
field effect transistor ("FET") ; and bipolar junction ("BJT)), the properties can include capacitance/area in MOS; junction 
capacitance: channel current in an FET, directed from drain to source; voltage from collector to base, emitter to base 
in a BJT; voltage from drain to source, gate to source in an FET; MOS threshold potential; MOS surface state charge/ 

55 area; and storage delay time. Further, it may be undesirable to change the topography (such as the surface roughness) 
of the remaining material. 

[0011] As described in detail in the US Patent No. 5,643,472, many techniques have been proposed (and are currently 
used) for removing undesired materials. These include wet chemical cleaning (RCA process), dilute HF, megasonic 
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and ultrasonic, and supercritical fluid cleaning, UV and ozone cleaning, brush cleaning, vapor HF, laser-assisted liquid 
cleaning (including the Allen process and Tam process), surface melt, annealing, and ablation. 
[001 2] Another technique is plasma cleaning, which may be used to clean the process chambers of reactive ion etch 
(RIE) tools after a certain amount of processing (e.g. a certain number of wafers) is completed. The preferred plasma 
s species are oxygen, carbon tetrachloride, and nitrogen, which can be used in various mass molar concentrations for 
cleaning optics and silicon surfaces. Electron cyclotron resonance (ECR) based plasmas are currently state of the art. 
The effectiveness of this type of cleaning is limited to particles -film removal appears to be difficult and damaging to 
the electrical parametrics. 

[0013] Dry ice (C0 2 ) cleaning (also known as snow cleaning and C0 2 jet spray cleaning) is a method of delivering 
10 C0 2 snow via a hand-held device having various orifices to clean a surface. This technique is limited by the solubility 
of the particle in the C0 2 snow, e.g. if the particle is not soluble in C0 2 then it will not be removed from the surface. 
Further, oxides and polymeric films cannot be removed using this cleaning technique. 

[0014] All of these techniques suffer from some drawbacks, including: inability to remove very small particles; unde- 
sirable alteration of the underlying substrate's physical properties; consumption of large quantities of expensive ma- 

is terials such as ultrapure water and gases; and production of toxic waste products (such as HF acids). 

[0015] Films, and in particular oxidation films, are a common, troublesome category of materials that need to be 
removed from a substrate. Most materials that are exposed to an oxygenated atmosphere (e.g., air) form a native oxide 
that coats the surface. Such oxide layers are typically a substantially continuous layer of molecules of the oxide material, 
in most cases, this native oxide layer is detrimental depending on how the substrate material will be used. One approach 

20 to this problem has been to maintain the substrate material in a vacuum to prevent oxide growth. Known techniques 
for removing oxide films include treating them with strong acids such as aqua regia, sulfuric acid and hydrofluoric acid. 
[0016] In semiconductor fabrication, the removal of native oxide (silicon dioxide) from the silicon substrate is of great 
concern as technology geometries continue to get smaller. Current methods to remove the silicon dioxide employ liquid 
HF, and experiments are being undertaken with vapor phase halogens and vapor phase halogens in conjunction with 

25 UV radiation. B. Van Eck, S. Bhat. and V. Menon. "Vapor-phase etching and cleaning of Si0 2 ," Proceedings, Micro- 
contamination 92, (Santa Clara, CA: October 27-30, 1992), p. 694; J. de Larios, W. Krusell. D. McKean, G. Smolinsky, 
B. Doris, and M. Gordon, "Gas-phase cleaning of trace metal and organic contaminants from wafers: 
Ultraviolet irradiated oxygen-based and chlorine-based chemistries," Proceedings, Microcontamination 92, (Santa 
Clara, CA: October 27-30, 1992), p. 706; M. Miyashita, T. Tusga, K. Makihara, and T. Ohmi, "Dependence of surface 

30 microroughness of CZ, FZ, and EPI wafers on wet chemical processing," Journal of the Electrochemical Society , vol. 
139 (8) 1992, p. 2133; and T. Ohmi, "ULSI reliability through ultraclean processing," Proceedings IEEE, vol. 81 (5), p. 
71 6. Using halogen-based chemistry can damage adjacent circuitry since it is a gross, rather than pinpoint, method of 
removal. 

[001 7] Removal of surface oxides is also important in preparing metal substrates for the application of adhesives as 

35 an alternative to welding in aerospace, automotive and construction (building) applications. Removal of oxide films 
also has applications in reconditioning weathered metal surfaces and improving the grade of circulated coinage. 
[0018] Another important treatment process is the creation of nanostructures (extremely small physical structures) 
on or in substrate materials, such as pressure transducers, accelerometers, atomic force microscope probes, and 
micromotors. One technique proposed for creation of nanostructures involves chemical etching in combination with 

40 masking techniques (useful in bulk micromachining where structural layers of material are built upon a wafer and then 
a sacrificial layer is etched away). J. Bryzaek, K. Peterson, and W. McCulley, IEEE Spectrum , May, 1 994, p. 20. Another 
proposed technique involves the laser-focused deposition of material. J.J. McClelland, R.E. Scholten, E.C. Palm, and 
R.J. Celotta, "Laser-focused atomic deposition", Science , vol. 262. 5 November 1993, p.877. 
[0019] Another important treatment process is planarization, to eliminate or reduce non-uniformities in the surface 

45 of a substrate. A commonly-used technique for planarization is chemical mechanical polishing (CMP), which uses 
proprietary slurry mixtures to grind the surface to a planar level through the use of polishing pads. This surface polishing 
provides the advantage of improved chip performance. CMP planarization is controlled by "etch stops" and by timing 
the process so that excessive polishing does not occur. This process produces large quantities of contaminants (re- 
sidual from the slurry) and is very expensive (with an average cost of approximately $35 per wafer), which is attributable 

50 to the cost of the consumables such as slurry, water, pads, and brushes for brush cleaners. Another problem associated 
with CMP is removing the slurry residual from the wafer surface. Removal using brush cleaning, which is the current 
process, is efficient only to approximately 0.5pm particles. An additional drawback of the CMP planarization process 
is that it is not clusterable with other current cleaning technologies. 

[0020] Effective removal of undesired material is particularly challenging when the surface of the substrate has a 
55 thin film coating of a desired material. Such thin films may have thicknesses of several Angstroms to tens of microm- 
eters. It has been found that the apparatus and techniques described in the US Patent No. 5,643,472 are less than 
completely effective in treating some such substrates - at energy or power fluxes sufficient to effectively remove un- 
desired material, the thin film coating may be damaged. When the flux is decreased to a level which is low enough to 



3 



EP 0 834 191 B1 

avoid damage, the removal of undesired material may be ineffective. Piezoelectric materials, including ferroelectric 
substances, have also been found to be difficult to treat. 

[0021] Removal of undesired material from the inner surface of a relatively small closed shape (such as a tube) is 
more difficult because of the relative inaccessibility of the inner surface to the application of energetic photons from 

5 sources such as lasers. One solution to this problem is disclosed in the US Patent No. 5,643,472, in which photons 
and inert gas are conducted to the treatment surface by special apparatus. Although this solution offers many benefits, 
it would be preferable in some circumstances to remove undesired materials from the inner surface without using the 
relatively more complex apparatus disclosed in US Patent No. 5,643,472. In particular, it would be preferable to be 
able to remove undesired material from the inner surface by application of radiation to the outer surface. 

10 [0022] It is desirable in many applications to prepare a surface of a substrate for a processing step by removing 
contaminants (including undesired chemical species) from bond sites on the surface so that desired materials (other 
chemical species) may be more effectively chemisorbed. 

Summary Of The Invention 

15 

[0023] The invention solves the problems and avoids the drawbacks of the prior art by selectively removing undesired 
material from a treatment surface of a substrate as outlined in the claims. 

[0024] A method for selectively removing undesired material from a treatment surface of a substrate (12) without 
affecting the physical properties of desired material to be left on the treatment surface adjacent to or underlying the 

20 undesired material, comprising the step of: 

irradiating said undesired material with polarized energetic photons (11) in a spatial and temporal concentration 
sufficient to release the undesired material from the treatment surface and insufficient to alter the physical properties 
of the desired material, and wherein irradiating said undesired material with polarized photons includes breaking with 
a polarizer (900) an incident beam of unpolarized light (910) into first and second polarized beams (920,930), with 

25 different characteristics. 

[0025] The radiation source (of energetic photons) may be any means known in the art to provide photons of the 
requisite energy level, including pulsed or continuous wave lasers and high-energy lamps. In some applications, such 
as those in which the bonds of interest require the near-simultaneous application of multiple photons, a source with a 
high power output is preferred, such as a pulsed ultraviolet laser. 

30 [0026] The invention is shown to be applicable to the removal of substantially continuous layers of undesired organic 
and inorganic films. Removal of organic films includes removing paint and marker from stainless steel or quartz sub- 
strates. Removal of inorganic oxidation films includes removing oxidation from chromium, molybdenum alloys, nickel/ 
iron alloys, stainless steel, tantalum, tungsten, copper, erbium, and zirconium and removing polycrystalline silicon from 
quartz. Depending on the properties and thickness of the undesired material and the substrate, and the properties of 

35 the available radiation source, it may be necessary to remove the undesired material in a succession of treatment 
applications. 

[0027] The topography of a surface may also be modified by appropriate application of the treatment process. For 
example, relatively more material can be removed from regions in which the thickness of the material is relatively 
greater, and less in regions where the thickness is less to produce a more uniform material thickness. This can effectively 

40 reduce the surface roughness of the material. A source of photons can be coupled in a control loop with an ellipsometer 
or other surface metrology device to provide feedback to monitor and control the removal of the material in each region. 
Similarly, applying the radiation to a rough surface at a relatively shallow angle provides a greater incident concentration 
of photons on the more prominent portions of the surface, while the less prominent portions are shadowed and thus 
receive a lesser concentration of photons. Relatively more material is therefore removed from the prominent portions. 

45 reducing the surface roughness. 

[0028] Nanostructures can be created by selectively irradiating a surface to remove material from selected areas to 
a selected depth. 

[0029] Undesired material may be removed from the surface of a thin film coating upon a substrate material without 
damaging the surface by treating the surface with polarized laser light. 
50 [0030] Undesired materials can also be removed effectively from piezoelectric substances, including ferroelectric 
materials, by polarized laser light. The removal effectiveness is enhanced by employing flowing gases which have a 
low reactivity, including noble gases, such as argon. 

[0031] Directing photons to the side of a substrate opposite to the side bearing the undesired material can increase 
the removal efficiency of the undesired material and can permit treatment of the interior of closed surfaces from the 
55 exterior. 

[0032] The chemisorption of desired materials onto a substrate surface may be enhanced by removing undesired 
materials from bond sites to which the desired material may bond by irradiating the surface in the presence of a flowing 
inert gas. then exposing the surface to the desired material. 
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Brief Description Of The Drawings 

[0033] Fig. 1 is a schematic diagram of a method and apparatus for removing undesired material from a substrate 
according to the principles of the invention. 
5 [0034] Figs. 2A-B are schematic diagrams of two test apparatuses used to remove materials from selected sub- 
strates. 

[0035] Fig. 2C is a schematic diagram of a third apparatus, similar to those in Figs. 2A-B but with asimpler optical train. 
[0036] Fig. 3 is a schematic diagram of the geometry of the incident radiation region produced on a substrate by any 
of the apparatuses of Figs. 2A-C. 
10 [0037] Fig. 4 is a schematic illustration of a technique for selectively removing material from a substrate to create 
nanostructures. 

[0038] Fig. 5 is a schematic illustration of a substrate prior to the process of penalization. 
[0039] Fig. 6 is a schematic diagram of a first apparatus for use in the process of penalization of the substrate of Fig. 5. 
[0040] Fig. 7 is a schematic illustration of the selective reduction of the surface roughness of a substrate by irradiating 
is the surface obliquely. 

[0041] Fig. 8 is a schematic illustration of the operation of a polarizing beam splitter of the type used to conduct tests 
described herein. 

Detailed Description 

[0042] Reference will now be made in detail to presently preferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Throughout the drawings, like reference characters are used to designate 
like elements. 

25 1 . Basic Treatment Method and Apparatus 

[0043] A method and apparatus for removing undesired material from a treatment surface of a substrate without 
altering the physical properties of the substrate is illustrated schematically in Fig. 1 . As shown in Fig. 1 , apparatus 10 
for treating a substrate 12 from which undesired material is to be removed includes a radiation system 400, a gas 

30 system 500, and a relative motion system 600. Irradiation system 400 includes a source 410 of radiation 11 (which 
consists of energetic photons), such as a laser and suitable delivery optics 450 that conduct radiation 1 1 to the treatment 
surface of substrate 12. Gas system 500 includes a source 510 of a gas 18 and an associated delivery system 550 
for flowing gas 18 over at least the portion of the surface of substrate 12 to which radiation 11 is applied. Gas 18 is 
preferably inert to substrate 12 and is flowed across substrate 12 so as to bathe substrate 12 in a non-reactive gas 

35 environment. Preferably, gas 18 is a chemically inert gas such as helium, nitrogen, or argon. Relative motion system 
600 provides for relative motion between a portion of the treatment surface of substrate 12 to be treated and radiation 
11 and, optionally, gas 18. 

[0044] Each of the constituent elements of these components of apparatus 1 0 (radiation source 41 0, delivery optics 
450, gas source 510, gas delivery system 550, and relative motion system 600) may be such as are described in the 

40 US Patent No. 5,643,472 and are readily selectable by the artisan to configure the apparatus in accordance with the 
principles of the invention. For example, delivery optics 450 may include mirrors, lenses, optical fibers, collimators, 
apertures, beam homogenizers, and other elements. Gas delivery system 550 may include conduits, chambers, lines, 
valves, filters, flow meters, and other elements. Relative motion system 600 may be any suitable system for translational 
or rotational movement of substrate 12 with respect to radiation 11 and gas 18, and may include a translational stage 

<5 for-planar translation of the substrate, a rotational fixture for rotating the substrate, or movable components in the 
delivery optics to scan radiation beam 11 across the substrate. Illustrative embodiments of apparatus 1 0 are described 
in more detail below. 

[0045] Energetic photons are irradiated upon the substrate treatment surface in a spatial and temporal concentration 
(energy and power fluxes) sufficient to remove undesired material from the substrate treatment surface and insufficient 

50 to alter the physical properties of material that is desired to be left on the substrate surface. 

[0046] To remove the undesired material, the bonds by which it is adhered to the underlying and adjacent material 
on the treatment surface (which may be more of the same material, the substrate material, or a third material) must 
be broken. Each such bond is broken by introducing an amount of energy at least equal to the energy of formation of 
the bond. Bond formation energies (i.e., the amount of energy released when the bond is formed) for common substrate 

55 materials are shown in Table 1 a, below. The bond energies shown are between the material elements themselves (e. 
g., Cr-Cr) and between the material element and oxygen (e.g., Cr-O). Bond formation energies for various carbon 
compounds are shown in Table 1b, below. 
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Table 1a 
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Bond Formation Energy (eV/bond) 
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5.8 
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4.1 
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Pr 
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Zr 
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Ta 




8.3 


N 
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Table 1b 


| Element 


Bond Formation Energy (eV/bond) 


C 


6.3 


CI 


4.1 


F 


57 


H 


3.5 


Mo 


5.0 


0 


11.2 


Si 


4.7 


Zr 


5.8 



40 



[0047] The bonds are broken when energy carried by photons is imparted to the bonds in an amount greater than 
the bond formation energy. It is believed that there are energy inefficiencies inherent in this bond-breaking process 
and, therefore, that the amount of photon energy required is approximately twice the bond formation energy. As can 
be seen in Tables 1 a and 1 b, oxide bond energies are on the order of 4.0 to 8.3 eV. while organic (carbon) bond energies 
are on the order of 3.5 to 11 .2 eV. Thus, photon energies of approximately 7 to 22 eV are required. 
[0048] The energy of a photon depends on its wavelength, in the relationship: 



45 



F- — 
X 



Equation 1 



50 



where c is the speed of light (3.00 x 10 8 m/s), X is wavelength (m), and h is Planck's constant (4.14 x 10* 15 eV sec). 
Selection of the source of photons therefore depends on the photon energy required, and thus on the wavelength 
required. A variety of lasers are identified in Table 1c, below. The table identifies the laser medium (and whether the 
medium is gas (g), liquid (I), solid (s), or plasma (p)) ( the photon wavelength X (nm), and the photon energy E ph (eV). 
For continuous wave lasers, an average power P ave (W) is also shown, and for pulsed lasers, the energy per pulse 
E pul8e (J), a representative pulse duration (ns) and the peak power during a pulse P peak (MW). 
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Table 1 c 



w 



15 



20 



25 



30 



35 



Medium 


X 


Eph 


Epulse 


tpulse 


Pave 


Ppeak j 


(nm) 


(eV) 


(J) 


(ns) 


(W) 


(MW) 


C (6+) (p) 


18 


68.242 


2.00E-03 


50 




4.00E-02 


ArF excimer (g) 


193 


6.435 


5.00E-01 


50 




1.00E+01 


KrF excimer (g) 


248 


5.008 


5.00E-01 


34 




1.47E+01 


He-Cd (g) 


442 


2.810 






1 .00E-02 




Ar+(g) 


515 


2.412 






1.00E+01 




Rhodamine~6G dye (I) 


560 


2.218 






1.00E-01 






640 


1.941 






1.00E-01 




He-Ne (g) 


633 


1.962 






1 .00E-03 




Kr+ (g) 


647 


1.920 






5.00E-01 




Ruby (s) 


693 


1.792 


5.00E+00 


50 




1 .00E+02 


Ti(3+):AI203 (s) 


660 


1.882 






1 .00E+01 






1180 


1.053 










Nd(3+):glass (s) 


1060 


1.172 


5.00E+01 


50 




1 .00E+03 


Nd(3+):YAG (s) 


1064 


1.167 






1.00E+01 




KF Color Center (s) 


1250 


0.994 






5.00E-01 






1450 


0.857 






5.00E-01 




He-Ne (g) 


3390 


0.366 






1 .00E-03 




FEL (LANL) 


9000 


0.138 


1 .00E-03 


50 




2.00E-02 




40000 


0.031 


1.00E-03 


50 




2.00E-02 


C02 (g) 


10600 


0.117 






1 .00E+02 




H20 (g) 


118700 


0.010 






1.00E-05 




HCN (g) 


336800 


0.004 






1.00E-03 
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Comparing the photon energies for the above lasers to the required energies identified above for common substrate 
materials (and accounting for the expected inefficiencies), it is apparent that in most cases the energy of a single photon 
will not be sufficient to break the bonds of interest. However, it is believed that the bond-breaking energy can be supplied 
by multiple photons if the photons strike the bond within a very short time, or essentially "simultaneously." 
[0049] Since a certain amount of energy is required to break each bond, the total amount of energy (and thus, the 
total number of photons of a given energy) required to remove a given amount of undesired material from the treatment 
surface of a substrate is generally proportional to the number of bonds in that amount of material. It is believed that 
photons interact with bonds only in the interfacial region of the treatment surface (i.e., the topmost one or two layers 
of atoms or molecules (monolayers)). For removal of substantially continuous layers of material (such as oxide layers) 
it is therefore helpful to consider unit surface areas and thicknesses of material in monolayers. Thus, for a given surface 
area, the removal of a certain thickness (or number of monolayers) of material requires the effective application of a 
given amount of energy (number of photons). Of course, not all of the photons that strike a substrate treatment surface 
will contribute to bond breaking - it is believed that a small fraction of the photons contribute to bond breaking. This 
is believed to be at least in part because the effective locations (the bonds, or parts thereof) for absorption of the photon 
energy occupy a small fraction of the surface area. However, at least for a given material, it is believed that there is a 
relatively constant relationship between the actual number of photons required and the theoretical number based on 
the number of bonds to be broken. Accordingly, a relevant parameter to consider is the energy flux (energy per unit 
area, or number of photons per unit area) applied to a substrate treatment surface, which corresponds to a thickness 
of undesired material removed. 

[0050] As noted above, there are cases in which the bonds of interest require more energy than is carried by a single 
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photon emitted by the selected radiation source. Such bonds are referred to herein as a "multi-photon bonds." As noted 
above, the energies of two or more photons are believed to be additive to supply the energy required to break a multi- 
photon bond only if the photons strike the bond simultaneously. This implicates the arrival rate of photons at a bond 
site, which is a power flux (energy per unit time per unit area). Further, it is believed that there is a probabilistic nature 

5 to multi-photon bond breaking. For a given average powerflux over an area of the substrate, there is an average arrival 
rate of photons at any given bond site. However, the actual arrival rate of photons should be randomly distributed about 
the average value. Thus, if there is a minimum photon arrival rate (maximum time interval between the photons) at 
which photon energy addition will take place to allow breaking of a multi-photon bond, an average powerflux applied 
to a given area that corresponds to that minimum arrival rate will expose approximately half of the bond sites in that 

io area exposed to the requisite arrival rate (or a greater rate). Conversely, even if the average power flux is somewhat 
lower than that required to produce the minimum required photon arrival rate, it is expected that photons will arrive at 
some of the bond sites within the required interval. 

[0051] In summary, to remove a given thickness of undesired material from a substrate treatment surface, a minimum 
totat energy flux (a total number of photons of a given energy level per unit area) must be applied to the undesired 

is material. If multi-photon bonds are involved, a certain power flux is also required, and the higher the power flux, the 
greater the chance that each bond site will be subjected to the requisite photon arrival rate. The selection of a suitable 
source of energetic photons thus requires an evaluation of the required photon energy and, for multi-photon bonds, 
the available power. As will become apparent from the data presented below, to remove oxides and organic films (which 
have high, and therefore multi-photon, bond energies), preferred photon sources are therefore pulsed UV lasers, which 

20 have the highest peak power levels and high photon energies. 

[0052] A competing consideration limits the energy and power fluxes that may be applied to a substrate treatment 
surface - the need to avoid altering the physical properties of the material that is to be left on the surface. In general, 
changes in the physical properties of a material are caused by increasing the temperature of the material above a 
threshold level. The change in temperature of the surface of a material caused by the application of radiant energy 

25 depends on the heat transfer characteristics of the material and the power and energy fluxes of the applied radiation. 
Finding the maximum power and energy fluxes usable on a given substrate material will require some experimentation. 
Prior art laser cleaning techniques that rely on vaporization, ablation, or surface melting provide some guidance in the 
energy and power fluxes required to produce state changes in substrate materials. 

[0053] In general, the photons are preferably directed perpendicular to the plane of the portion of the substrate being 

30 treated, to maximize the power and energy fluxes at the surface for a given output from the source of photons. However, 
the photons may be directed at an angle to the substrate as convenient or necessary for implementation of the process 
in a particular environment. Of course, the energy and power fluxes at the surface will vary with the sine of the angle 
of incidence of the photons with respect to the plane of the surface, which must be taken into account in selecting the 
output of the photon source. In some situations, it may be preferable to direct the radiation at an oblique angle to the 

35 substrate to preferentially irradiate, and thus remove, peaks in the material to smooth it. 

[0054] A beam of light emanating from a laser typically has a gaussian beam shape. The gaussian shape represents 
the nature of the delivered energy as the energy is the greatest at the center and decreases toward the edges of the 
beam. This gaussian beam shape is effective when used in combination with spherical optics and has applicability in 
the areas of lithography, drilling, and micromachining. 

40 [0055] On the other hand, uniform energy density across the beam profile ("a flattop beam profile") is advantageous 
for a number of applications. A flat top beam profile can be generated through the use of apertures and/or a beam 
homogenizer. This profile allows a significant amount of flexibility in shaping the beam focus to prevent damage to the 
substrate and allows removal of undesired material with a lower amount of energy since sufficient energy can be 
uniformly delivered to all parts of the scanned area without overexposing the center of the scanned area. Additionally, 

45 a flat top profile allows for the utilization of a cylindrical lens for the final focus at the work piece which also provides 
for a more uniform distribution of energy. 

2. Test Apparatus 

50 [0056] Two sets of test apparatus (referred to herein as apparatus A and B) were used in the following examples. 
Apparatus A is illustrated schematically in Fig. 2A. In this apparatus (identified in the figure as 1 0A), the radiation source 
is laser 41 1 , which is a pulsed KrF excimer laser, sold by Lambda Physik as model number LEXtra 200. This laser has 
a wavelength of 248 nm (for a photon energy of 5.01 eV), a maximum output energy per pulse of 600 mJ, and a fixed 
pulse duration of 34 ns (for a maximum power per pulse of 1 7.65 MW). The maximum pulse repetition rate is 30 Hz, 

55 producing a maximum average power of 18 W. The radiation beam is 23 mm by 13 mm at the laser output. 

[0057] Radiation delivery system 450 includes, in the order encountered by radiation beam 11 upon leaving laser 
411 , an aperture plate 452, 45° turning mirrors 453, 454, 455, and 456, and adjustable focusing lens 457. Aperture 
plate 452 is a flat plate with a rectangular aperture 6 mm wide and 25 mm long, and is used to block the "tails" of the 



8 



EP 0 834 191 B1 

Gaussian distribution of photons emanating from laser 411 , so that the spatial distribution of energy in radiation beam 
11 is approximately uniform across a plane perpendicular to the beam. Turning mirrors 453 (50 mm), 454 (50 mm), 
455 (25 mm), and 456 (25 mm) are planar mirrors. Adjustable focusing lens 457 is a cylindrical lens with a width of 25 
mm. a length of 37 mm, and a focal length of 75 mm. By selecting the height of focusing lens 457 from the surface of 
5 substrate 12 and the orientation (concave side up or down) of the lens, the width of the beam spot at the substrate 
surface is adjusted. All optical elements are anti-reflection coated for 248 nm light. 

[0058] The delivery system 450 of the second apparatus, Apparatus B (shown in Fig. 2B), is identical to that of 
Apparatus A except that first fuming mirror 453 is omitted (and laser 41 1 and aperture plate 452 are correspondingly 
reoriented 90° to point directly toward turning mirror 454) and turning mirror 455 is 50 mm (rather than 25 mm as in 
10 Apparatus A). A third apparatus (not used in the experiments) with a simpler (and therefore preferred) optical train is 
shown in Fig. 2C. 

[0059] Radiation beam 1 1 is delivered approximately perpendicular to stage 61 0 on which substrate 1 2 is mounted. 
As shown in Fig. 3, stage 610 can be translated in the X and Y directions (parallel to the plane of the stage, and 
indicated in Fig. 3 by arrows X and Y). Radiation beam 11 produces a generally rectangular incident radiation region 

is 611 with a width wand a length /. Region 611 is swept across the surface of substrate 12 by translating stage 610. 
[0060] Gas delivery system 500 includes a dewar of liquid nitrogen (4500 I capacity) coupled in series to: a dual 
stage regulator; a moisture/oxygen adsorber (MG Industries Oxisorb, which adsorbs to concentrations of 0.01 ppb); a 
Millipore Model 304 particle filter (filters to 0.003 u.m); a flow meter; a U.S. Filter Membralox filter (filters to 0.001 u.m): 
and thence to a nozzle 551 terminating adjacent region 611 . Nozzle 551 discharges a flow of gas 18 across region 

20 611, and remains fixed with respect to region 611 so that stage 610 and substrate 12 translate with respect to it. This 
gas delivery system is useful for materials that are not sensitive to typical atmospheric gases, and permits a simpler 
apparatus than is required when it is required or desired to isolate the substrate from the atmosphere during treatment 
(such as disclosed in the '165 application). 

[0061] A video camera 700 is positioned to view region 611 and thus provide visual data on the results of treatment. 
25 [0062] In the illustrated embodiment, stage 610 is first translated longitudinally in the X direction as radiation beam 

11 is applied to the surface of substrate 12, producing an elongated rectangular swath 612 on substrate 12 that has 
been exposed to radiation beam 12. Stage 610 may be indexed back to a starting position and translated in the X 
direction again so that radiation beam 12 makes another "pass" over swath 61 2. After one or more passes, stage 61 0 
may be translated laterally in the Y direction a distance approximately equal to length /, then translated again through 

30 the X direction to form another swath adjacent to the previous swath 612. Thus, the portion of the surface of substrate 

12 to be treated is sequentially exposed to radiation beam 11 and the concurrent flow of gas 1 8. 

[0063] The energy flux (energy per unit area) applied to any point on the surface of substrate 12 by radiation beam 
11 during a single pulse of laser 411 is equal to the energy of the pulse at the surface divided by the area over which 
that energy is distributed. This can be expressed as: 



35 



F e P s = Equation 2 



40 where F eps is the pulse energy flux per unit area at the surface (J/cm 2 ), E p8 is the pulse energy at the surface (J), and 
/and ware the length and width of region 611 (mm). Similarly, a pulse power flux (F pps ) can be calculated as: 

F pps = ^ Equation 3 

45 l p 

where tp is the laser pulse duration. 

[0064] There are energy losses associated with the passage of radiation beam 11 through the optics and aperture 
plate. Thus, the laser pulse energy at the surface (E p8 ) is less than the emitted laser pulse energy. The LEXtra 200 

so laser includes a mini-controller with a pulse energy meter that is useful for recording the laser energy output during 
experiments. However, the internal meter is not extremely accurate. To provide more accurate energy measurements, 
the test apparatus was calibrated to develop a correction factor to be applied to the internal meter reading to produce 
a more accurate reading. Accordingly, the laser pulse energy at the surface (E^) was measured with a Molectron J50 
detector head and JD 1 000 joulemeter disposed at the location of the treatment surface, and the measured energy 

55 reading compared to the internal meter reading of pulse energy (E pm ). A correction factor (Rcorrection) was tnus en- 
veloped that included both the losses through the optical train and the meter inaccuracies. 
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F — F R 

c ps ~ c pm ' "correction 



Equation 4 



10 



This correction factor is not constant - it has been found to vary approximately linearly with the output level of the 
laser. The pulse energy is dependent on the voltage input (VI) to the laser, which can be adjusted to levels between 
approximately 1 7 and 22 kV. The laser output energy (as indicated by the internal meter) varies for a given voltage 
setting, depending on such factors as the laser gas supply level, so that the voltage cannot be used directly as a 
measure of pulse energy, but instead the internal meter is read. For convenience, the correction factor is calculated 
as a function of the voltage setting, then applied to the energy read from the internal meter. The correction factor is of 
the form: 



15 



1 



'correction 



m-V f +b 



Equation 5 



where m is the slope, and b is the intercept, of the linear relationship. 

[0065] The values of the m and b for the two test apparatuses are shown in Table 2a, below. 



20 



25 



Table 2a 



Factor 


App. A 


App. B 


b 


1.20 


0.74 


m 


0.029 


0.066 



Thus, the energy per pulse at the treatment surface is: 



30 



35 



40 



45 



F --. 

P 3 m-V f + b 



Equation 6 



[0066] In the illustrated embodiment, a swath 612 is formed from a series of discrete regions 611 (as indicated in 
Fig. 3 by a second region 611' shown in phantom). The distance by which region 611' is offset from region 611 (AX) is 
the product of the time between laser pulses (which is the inverse of the laser pulse repetition rate R f ) and the velocity 
of translation of stage 610 (the scan velocity v 8 ). The energy flux delivered to a given point on the substrate is thus 
the product of the energy flux per pulse (F eps ) and the number of laser pulses to which the point is exposed (Np,). The 
number of pulses Np, is equal to the width wof region 611 divided by the distance AX that the stage moves between 
pulses. Of course, if w is not an integral multiple of AX. and each point must receive an integer number of pulses, not 
every point will receive the same number of pulses. However, the relationship outlined above is reasonably accurate 
to determine the average energy applied over each swath 61 2. Further, rather than indexing the stage laterally before 
beginning another swath 612, the stage can be left in the same lateral position, and another swath 612 applied in the 
same place, thus making another "pass" over the substrate. The total energy flux delivered (F^) is thus equal to the 
energy flux per pass (F^) times the number of passes (NpJ. 

[0067] The average energy flux applied to the surface of substrate 1 2 can thus be calculated as: 



F • R, • w 

F - eps 1 '/ rr 
epa ~ y 



Equation 7 



50 



The total energy flux applied to a given point is obtained by multiplying the energy flux per pass (F opa ) by the number 
of passes: 



Equation 8 



55 



[0068] In the experimental data presented below, the test parameters are identified as shown in Table 2b, below. 
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Table 2b 



Parameter 


Description 


Units 




Pulse energy (meter) 


mJ 




Pulse energy (actual at surface) 


mJ 


F 

' eps 


Energy flux per putse (at surface) 


J/cm 2 


F 

pps 


Power flux per pulse (at surface) 


MW/cm 2 


r 


Average energy flux per pass 


J/cm 2 




Total energy flux (over total number of passes) 


J/cm 2 


I 


Length of region 611 


mm 




Effective number of pulses striking a point 


-- 


Npa 


Number of passes 




R 9 


Gas supply rate 


ml/s ' 


R| 


Laser repetition rate 


s-1 


v s 


Laser scan velocity 


mm/s 


v, 


Laser voltage 


kV 


W 


Width of region 611 


mm 



[0069] Unless otherwise specified, the gas used was nitrogen and the flow rate across the treatment surface was 
between 250 and 500 ml/s. 



3, Examples of Removal of Oxidation Films 

[0070] The application of the basic treatment method and apparatus described above with regard to oxidation films 
is illustrated in the following examples. In each example, a series of treatment "runs" was made on one or more samples 
of oxidized substrate materials. Each run consisted of treating a single swath 612 across the treatment surface, with 
one or more passes on the swath. Unless otherwise noted, the samples were treated on a planar surface (such as on 
the flat face of the sputter targets). 

[0071] The effectiveness of the treatment is classified according to a six point cleaning rate (R c ) scale, which is 
explained in Table 3a, below 



Table 3a 



Rc 


Meaning 


1 


Removed completely 


2 


Additional pass required 


3 


Multiple passes required 


4 


Poor removal requires change in process conditions 


5 


Marginal set of conditions 


6 


No removal 



50 

[0072] In these tests, the objective was to remove all of the oxide in as few passes as possible (preferably in a single 
pass) and at the highest stage velocity possible, without damaging the treatment surface. This corresponds to a max- 
imum processing rate for commercial application « treating a substrate in the least possible time. As discussed above, 
it is believed that the key process factors are the energy flux per pulse (F eps ), the directly related (by the fixed pulse 
55 duration of 34 ns) power flux per pulse (Fppg), and the total energy flux (F et ). These process factors were varied by 
adjusting the pulse energy (E~), laser pulse repetition rate (R,), stage velocity (V 8 ), and incident region width (w). 
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a. Chromium Sputter Target 

[0073] In this example, an oxidized chromium sputter target was treated with Apparatus B. The sputter target (as 
with the other sputter targets used in the experiments described below) was approximately 21 cm long, and slightly 
oval in shape with a maximum width of 9 cm. A series of nine runs was conducted, the results of which are summarized 
in Table 3b, below. 
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These data suggest that the power flux per pulse levels applied in the runs spanned a threshold level for multi-photon 
bonds. Good removal was obtained for values of F pps qreater than approximately 1 2 MW/cm 2 , even for constant values 
of F epa (e.g., from runs 5 to 7) and then for lower values of (e.g., from runs 8 to 10). 

s b. Erbium Sputter Target 

[0074] In this example, an oxidized erbium sputter target was treated with apparatus B. The results are summarized 
in Table 3c, below. 
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[0075] The blue oxide observed is believed to be erbium oxide or some other byproduct of sputtering target interac- 
tion. All runs were made with the same beam width of 2.9 mm, while laser pulse energy E ps (and thus, pulse power 
flux F pps ) was slightly increased, and the scan rate significantly increased, from run to run. The first two runs produced 
partial cleaning, while successive runs (at slightly higher F pp8 values of approximately 8 MW/cm 2 ) produced good 
cleaning, with successively lower levels of total energy flux F^, with 0.7 J/cm 2 still providing good removal. This again 
suggests that a multi-photon bond threshold for F pp8 is crossed between runs 2 and 3. 

[0076] In run 7, the stage velocity V 8 was increased to 50 mm/s in an attempt to reduce the total energy flux to a 
level too low to remove the oxide. This run produced a "diffraction" pattern of residual oxide lines in the X-direction, 
suggesting that the regions where the oxide remained had not been exposed to the same energy or power fluxes as 
the intermediate, cleaned regions. Although the velocity was not so high that successive incident regions (611) were 
non-overlapping (at the laser repetition rate of 30/s, the substrate moved a distance (1 .6 mm) between pulses, which 
is less than the width of the incident region (2.9 mm)), the observed effect may be indicative of a Gaussian distribution 
of photons across the X dimension of the incident region 611 . 

15 c. Zirconium Sputter Target 

[0077] In this example, an oxidized zirconium sputter target was treated with Apparatus B. The results are summa- 
rized in Table 3d, below. 
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[0078] As with the previous example, all runs were made with the same beam width of 2.9 mm, while pulse energy 
E pa (and thus pulse power flux F pp8 ) was slightly increased, and the scan rate significantly increased, from run to run. 
Each run produced good cleaning, with successively lower levels of total energy flux, with approximately 0.9 J/cm 2 still 
providing good removal. 

5 

d. Tantalum Holder 

■ 

[0079] In this example, an oxidized tantalum cylindrical holder was treated with Apparatus B. Since the holder was 
cylindrical, it presented a curved surface for treatment, and the linear translation capability of the stage was not ade- 
10 quate to scan the beam incidence region 611 smoothly over the surface. Accordingly, the holder was manually rotated 
at a rate at which incidence regions were non-overlapping. The data shown in Table 3e below therefore applies to the 
isolated incident regions. 
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[0060] The data show that an energy flux of approximately 0.5 J/cm 2 is adequate to remove the tantalum oxide film 
from the underlying tantalum substrate. At a power flux of more than approximately 22 MW/cm 2 (in Runs 1-3), some 
dwell damage was produced in that blackening of the substrate surface was observed. 

5 e. TUngsten Crucible 

[0081] In this example, an oxidized tungsten crucible was treated with apparatus B. The crucible was approximately 
10 cm long and 2.5 cm wide, had an elongated dish shape (approximately semi-cylindrical in the region treated). The 
data shown in Table 3f below include runs 1-3 on the inside surface (concave) and 4-7 on the outside (convex). 
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[0082] These data show that tungsten oxide can be removed at an energy flux as low as approximately 1 .3 J/cm 2 , 
while the substrate is not damaged at power flux rates as high as approximately 41 MW/cm 2 . 

f. Molybdenum Alloy Masks 

5 

[0083] In this example, three oxidized masks (used in the production of wire pattern packaging areas of silicon chips) 
made of molybdenum alloy were treated with Apparatus A. The data from the treatment of the masks are summarized 
in Table 3g r below. 
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[0084] Higher total energy fluxes (F rt ) were required to remove the oxidation from the larger mask used as sample 
1 than for the other two masks. On the first mask, the treatment left a brownish residue on runs 6 and 9a. which may 
be indicative of damage to the remaining material. The data also suggest that F pps did not exceed a multi-photon bond 
power threshold in Sample 1 (where F pps was less than approximately 30 MW/cm 2 ) but did exceed the threshold in 
5 Samples 2 and 3 (F ppa over approximately 60 MW/cm 2 ). 

g. Steel Ruler 

[0085] In this example, an oxidized steel ruler was treated with apparatus A. The data from the treatment of the ruler 
10 are summarized in Table 3h, below. 
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[0086] The data indicate that the multi-photon bond power flux threshold was crossed between runs 2b and 2c - 7 
(thus being between approximately 7.5 and 9.3 MW/cm 2 ). Further, although F pps was sufficiently high in runs 5-7, the 
total energy flux Fet was not high enough (at approximately 1 .5 to 1 .9 J/cm 2 ) to remove all the oxide. 

5 h. Nickel / Iron Alloy Sputter Target 

[0087] In this example, a sputter target was treated with Apparatus B. The sputter target was formed of an alloy of 
nickel and approximately 19% iron. The data from the treatment of the target are summarized in Table 3i, below. 
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[0088] On runs 1 , 3, 4, 5, and 7, a pinkish light interaction was observed during treatment, and on run 7 the surface 
was left with a slight pinkish cast. One possible explanation is that the substrate was damaged at the higher pulse 
power flux of approximately 20 to 26 MW/cm 2 . Alternatively, the higher fluxes may have induced a change in the 
composition of the oxide layer to a composition more difficult to remove (i.e., with higher bond energies). This is con- 
5 sistent with the observation that more total energy flux was required in those runs to remove all of the oxide layer. In 
contrast, in runs 8-1 0, lower pulse power fluxes ranging from approximately 9 to 10 MW/cm 2 were adequate to remove 
the oxidation (with approximately 1 .3 or more J/cm 2 total energy flux F el ). 

i. Nickel Alloy Strip 

w 

[0089] In this example, a strip of oxidized nickel alloy was treated with Apparatus A. The nickel alloy was of an 
undetermined composition. The data from the treatment of the strip are summarized in Table 3j, below. 
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[0090] Visual observation of run 4 revealed a brownish residue, perhaps indicative of damage to the remaining ma- 
terial. Visual inspection of run 7 between passes indicated that the oxide was removed incrementally on each pass. 
Further, it appears that the multi-photon bond power flux threshold is approximately 50 MW/cm 2 -- some cleaning was 
achieved at lower values of F pps , but higher values of were required to remove all oxide. 

5 

j. Copper Penny 

[0091] In this example, oxidized U.S. pennies (copper) were treated with Apparatus B. Three pennies were treated, 
with one run made on each of the obverse and reverse sides of each penny (the runs are paired for each coin --runs 
10 1 and 2 are for the same coin, 3 and 4 for the next, etc.). The data from the treatment of the pennies are summarized 
in Table 3k, below. 
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[0092] These data show effective removal of copper oxide at pulse power flux levels of approximately 8 to 20 MW/ 
cm 2 (requiring total energies of approximately 13 to 130 J/cm 2 to remove all or nearly all of the oxide), while higher 
pulse power fluxes (20 MW/cm 2 in run 6) may damage the surface. 

5 k. Nickel Alloy Quarter Dollar 

[0093] In this example, oxidized U.S. quarter dollar coins (with nickel alloy surface layer) were treated with Apparatus 
B. Two quarters were treated, with one run made on each of the obverse and reverse sides of each quarter (as above, 
runs 1 and 2 are for the two sides of one coin, and 3 and 4 for the other). The data from the treatment of the quarters 
10 are summarized in Table 31 , below. 
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[0094] These data show that the oxide layer on the nickel alloy surface of the quarters was effectively removed at 
pulse power fluxes of approximately 10 to 11 MW/cm 2 , in 1 to 4 passes. 

4. Removal of Organic Films 

5 ' 

[0095] The application of the treatment method and apparatus described above with regard to organic films is illus- 
trated in the following examples. Unless otherwise noted, the tests were conducted in the same manner, and the data 
shown is in the same format and units, as the oxidation film removal examples. All tests were conducted with Apparatus 
A. 

10 

a. Paint on Stainless Steel 

[0096] In this example, a 304 stainless steel disk with an Ra finish of 20 was coated (by spraying) with conventional 
metal-application paint (in this case, paint sold under the trade name "RUSTOLEUM"). The results of the treatment 
is are summarized in Table 4a, below. 
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[0097] These data indicate that a relatively thick organic film can be effectively removed from a stainless steel sub- 
strate with no observed damage to the substrate. It appears that the paint film required a total energy flux (F^) of at 
least approximately 16 J/cm 2 , and more total energy (167 J/cm 2 ) at a lower pulse power flux (approximately 8 MWV 
cm 2 in run 9). This may also be indicative of a power flux threshold of between 8 and 12 MW/cm 2 . 

5 

b. Organic Films on Quartz Wafer Boat 

[0098] In this example, various organic films were applied to the surface of a generally cylindrical, slotted, quartz 
wafer boat (used to transport semiconductor wafers through furnaces). Three types of organic films were applied: 
io fingerprints (human body oil); paint (blue and red); and "magic marker." The quartz wafer boat was then treated with 
Apparatus A. The results of the treatment are summarized in Table 4b, below. 
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[0099] These data indicate that the organic films can be effectively removed without damage to the quartz substrate, 
at various energy levels in one or more passes. 

c. Organic Films on Fused Silica Quartz Window 

5 

[0100] In this example, various organic films were applied to the surface of a generally planar, fused silica quartz 
optical window. Two types of organic films were applied: fingerprints (human body oil), with and without additional dust; 
and blue paint. The window was then treated with Apparatus A. The results of the treatment are summarized in Table 
4c, below. 
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[0101] These data again show that the organic films can be effectively removed without damage to the quartz sub- 
strate, at various energy levels in one or more passes. 

5. Removal of Polycrystalline Silicon from Quartz 

5 

[01 02] The application of the treatment method and apparatus described above with regard to polycrystalline silicon 
on quartz is illustrated in the following examples. The interior surface of a cylindrical quartz furnace tube was treated 
to remove a layer of polycrystalline silicon that recondensed on the surface during treatment of silicon dies passed 
through the furnace tube. A partial radial section of the tube was treated with Apparatus A. A series of test runs was 
w conducted, the results of which are shown in Table 5a, below. In the test apparatus, incident region 611 was continuously 
scanned across a swath 612 with a width (X dimension) of between 0.9 and 2.0 mm for scan times as long as tens of 
minutes. The number of passes (N pa ) shown in Table 5a is therefore: 

f • V 

15 N = — — ? Equation 9 

w swath 

where w 8wath is the width of the swath 612, tg Can is the time duration of the scan, and V, is the laser scan velocity. 
[0103] It was observed that at high energy and power flux levels, the point at which the polycrystalline silicon layer 
20 was completely removed, and the quartz thus exposed to the radiation, was accompanied by fluorescence of the quartz. 
This provided a convenient visual indicator of the time at which breakthrough was achieved. 
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The data indicate that polycrystalline silicon can be removed from the surface of quartz. 
6, Surface Topography Modification 

5 [0104] From the description and data presented above, it is evident that substantially continuous layers of material 
can be selectively removed from a substrate surface. The thickness of material removed from the substrate is a function 
of the bond energies of the material to be removed, the energy (wavelength) of the applied photons, the energy flux 
of the applied photons and, for multi-photon bonds, the power flux. Energy and power fluxes can be also be referred 
to as a spatial and temporal concentration of the applied photons. For a given material, it is therefore possible to 

10 determine the temporal and spatial photon concentration required to remove a layer of the material of a desired thick- 
ness. As described above for oxidation and organic and inorganic film layers, the layers of material can be removed 
uniformly over an extensive area of substrate by scanning the radiation across the substrate surface. However, by 
suitably controlling the removal process, it is possible to selectively (e.g., non-uniformly) remove material from relatively 
small areas to modify the topography of the substrate surface. The topography modification may be in the nature of 

15 micromachining to create nanostructures or may be to planarize a rough surface. 

a. Creation of Nanostructures 

[0105] Nanostructures can be built up by selectively removing substrate material from around structures that are to 
20 be elevated above the surrounding surface. This can be done in two ways. The first is conceptually equivalent to a 
milling operation on conventional structure scales. To continue this analogy, the incident radiation region 611 can be 
considered to be the milling tool, with the size of region 611 (corresponding to the size of the milling tool) dictating the 
smallest width of material that can be removed. Similarly, the lateral resolution of the control over the movement of 
region 611 (whether by traversing a stage such as 61 0 or moving focusing optics) dictates the scale and accuracy with 
25 which structures can be created. The depth of the "cut" achieved on each "pass" of the incident region is dictated by 
the energy and power fluxes, and the total depth of material removed is further controlled by the number of passes 
made over the surface. 

[0106] The creation of a simple nanostructure is illustrated schematically in Fig. 4. The nanostructure is an "island" 
720 surrounded by a "trench" 710 formed in the surface of substrate 12. Trench 710 is formed by traversing incident 

30 radiation region 611 (shown schematically as a circular region, although it may be rectangular as illustrated in the 
experimental apparatus above) around the perimeter of the region in which island 720 is desired to be created. The 
traversal of region 611 is indicated by another position of the region (61V) in another portion of the trench 710. 
[0107] An alternative micromachining technique is to use a mask to define the areas of material to be removed, 
overlay the mask on or above the substrate treatment surface, and scan the incident radiation region uniformly across 

35 the mask. Of course, the mask and substrate materials must be selected, and the photon power and energy flux levels 
set, to remove the undesired material from the substrate treatment surface without damaging the mask so much as to 
render it unusable before the substrate micromachining is completed. 

[01 08] Techniques for the use of masks (such as for photolithography) and the control over laser incident region size 
and position have been demonstrated in the prior art to be controllable on the spatial scale of interest in the microma- 
40 chining of nanostructures. The way in which those techniques would be applied to use the present invention for mi- 
cromachining will therefore be evident to the artisan and are not described in more detail here. 

b. Planarization 

45 [01 09] A substrate surface may also be "planarized" by selective application of radiation, as illustrated schematically 
in Fig. 5. If, as shown in Fig. 5, the substrate 12 has a layer 12b (such as an oxide layer, although the layer may simply 
be a surface layer of the substrate) that is non-uniform in thickness (indicated by regions 12b1, 12b2. 12b3. etc.), it 
may be desirable in certain applications to remove some, but not all, of the oxide layer, and to make the oxide layer a 
more uniform thickness (indicated by dashed line 12c). This can be accomplished by selective application of the radi- 

50 ation to each of the regions 12b1, etc. to remove a thickness of material equal to the difference between the pre- 
treatment thickness and the desired thickness. The radiation can be scanned in raster fashion across the surface of 
the substrate, and the desired amount of material removed from each region. 

[01 10] To accurately determine the pre-treatment thickness of layer 1 2b (and, optionally, to confirm the desired post- 
treatment thickness), it is desirable to use an in-situ film thickness measurement technique. Suitable known techniques 
55 include reflection or beam profile spectrophotometry or ellipsometry. (Such techniques are described in P. Burggraaf, 
"Thin Film Metrology: Headed for a New Plateau" Semiconductor International March 1994). An actual thickness in 
each region can then be compared to the desired thickness to determine a thickness of undesired material. The ap- 
propriate radiation energy and power fluxes can then be applied to the region to eliminate the thickness of undesired 
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material. A post-treatment thickness measurement can be made to confirm that the actual thickness is equal to the 
desired thickness, and an additional treatment applied if required. This process can be continued iteratively for each 
region. 

[0111] A suitable apparatus is illustrated schematically in Fig. 6. Substrate 12 is disposed on movable stage 610, 
5 and radiation 1 1 from source 41 0 is applied via delivery optics 450. Thickness information 805 is collected by ellipsom- 
eter 810 (or other suitable thickness measuring device). A controller 850 receives thickness information 185 from 
ellipsometer 810. and outputs radiation control signal 820 to source 410 and position control signals 825 to stage 610 
or signals 830 to steerable optics 450. 

10 c. Oblique Irradiation 

[0112] A substrate treatment surface with non-uniform thickness may also be "smoothed" by applying radiation at 
an oblique angle to the mean substrate surface, as illustrated schematically in Fig. 7. The rough surface layer 12b of 
substrate 12 (shown in cross-section in Fig. 7) has surface elements oriented in many directions (or at many angles 

15 relative to the overall plane of the treatment surface). Since the incident energy and power fluxes from radiation 11 
varies with the sine of the incident angle on the surface element, the elements that are most normal to the radiation 
will be exposed to higher fluxes than elements that are oblique. Further, elements that are shadowed (not exposed) 
will receive no flux. Thus, the cumulative effect of application of radiation 1 1 will be to remove relatively more material 
from normally-oriented surface elements, and less from oblique or shadowed elements (indicated schematically by 

20 successive post-treatment surface contours 1 2b\ 12b"). This in turn will reduce the average roughness of the surface 
layer 12b. 

7. Effects of Polarization on Removal 

25 [0113] As discussed above, effective removal of undesired material from the surface of a substrate is particularly 
challenging when the substrate includes a thin film coating. Thin film coatings can range from several Angstroms to 
ten micrometers in thickness. Treatment of such surfaces using the apparatuses and techniques described above at 
energy and power levels sufficient to remove many undesired materials have been found to damage the some film 
coatings. On the other hand, energy and power levels low enough not to damage the thin film have been found not to 

30 effectively remove some undesired materials. As evidenced by the data presented below, it has now been determined 
that polarization of the laser light enables removal of several undesired materials from a variety of thin film materials 
on various substrates at energy and power fluxes insufficient to damage the thin films. 

[01 14] Some types of piezoelectric substances (particularly those that are ferroelectric) have also been found to be 
difficult to clean with the techniques and apparatus described above. Piezoelectric materials are those which exhibit 

35 an interaction between charge distribution on the material and dimensional changes in the material. Thus, external 
application of an electrical field produces dimensional changes and vice versa. Thermally-induced dimensional chang- 
es in piezoelectric materials also produce an electrical field (the "pyro electric" effect). Some piezoelectric materials are 
also ferroelectric, in that electric dipoles In the surface spontaneously align to create a strong mutual interaction and, 
it is believed, a relatively strong interaction with materials on the surface of the ferroelectric material. It has now been 

40 found that polarized laser light is effective in removing particles from two important ferroelectric materials, lithium nio- 
bate (LiNb0 3 ) and lithium tantalate (LiTa0 3 ). The cleaning effectiveness is further enhanced by the use of argon gas 
rather than nitrogen. 

[01 1 5] The photon pulse emanating from the laser cavity of the KrF pulsed laser used in these tests is unpolarized, 
which in the context of a laser means that the light is composed of two orthogonally linearly polarized colinear beams 

45 (a p-component and an s-component) whose power randomly (and inversely) varies over time with respect to each 
other. In the following examples, the laser light applied to the treatment surface was partially polarized by a high energy 
laser beam splitter, available as part no. 08 BSQ 005, coating suffix /802 from Melles Griot of Irvine, California. This 
beam splitter is formed of UV grade synthetic fused silica, coated on one side for 50% average reflectance at 45° and 
is antireflection coated on the other side. The beam splitter is illustrated schematically in Fig. 8. The unpolarized incident 

so beam 910 is directed to the first side of the beam splitter 900. The incident beam is split into an reflected beam 920 
and a transmitted beam 930. For the 248 nm KrF laser light, the beam splitter reflects 71% of the s-polarized component 
and 29% of the p-polarized component of the incident beam. Thus, the reflected beam 920 is primarily s-polarized, 
while the transmitted beam is primarily p-polarized. Each of the reflected and transmitted beams carry approximately 
50% of the incident beam's energy and power. 

55 [01 1 6] The apparatuses used to generate the data presented below are essentially the same as those illustrated in 
Figs. 2A-C except that the beam splitter was substituted for one or more elements in the optical train. Apparatus A 
(Fig. 2A) was modified by replacing aperture plate 452 and first turning mirror 453 with the beam splitter. Apparatus B 
(Fig. 2B) was modified by replacing second turning mirror 455 with the beam splitter. Apparatus C (Fig. 2C) was modified 
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by substituting the beam splitter for turning mirror 456. The beam splitter may be disposed in any location in the optical 
train but is preferably placed close to the laser. 

[0117] In each example below, a series of treatment "runs" was made on one or more samples of substrate materials. 
Each run consisted of treating a single swath 612 across the treatment surface, with one or more passes on the swath. 

5 Unless otherwise noted, the samples were treated on a planar surface. 

[01 18] For each example below, the test apparatus was calibrated as described above, using measurements of pulse 
energy at the treatment surface (E pa ) to develop a correction factor (R CO rrection) t0 a PP ,v t0 tne P ulse energy shown 
on the laser's internal meter (E pm ). Again, Rcorrection ls a linear function of the laser input voltage V, as shown in 
Equation 5, above. The correction coefficients m and b are indicated in each of the following examples. In general, 

io introduction of the polarizer into the optical train increased optical losses significantly, thus reducing the ratio of E— to 

t pm- 

[01 1 9] The effectiveness of the treatment is described in the "comments" column. As discussed above, it is believed 
that the key process factors are the energy flux per pulse (F eps ), the power flux per pulse (F pps ), and the total energy 
flux (F ot ). These process factors were varied by adjusting the pulse energy (Eps), laser pulse repetition rate (R,), stage 

15 velocity (V 8 ), and incident region width (w). 

[0120] A variety of undesired materials are addressed in the following tests. Most of the tests involved one or more 
of several undesired materials commonly encountered in semiconductor and other industrial fabrication processes. 
These include: (a) fingerprints (human body oil); (b) human saliva; (c) "haze", which may be composed of one or more 
of many different materials, but which is generally believed to be a thin, discontinuous coating of very fine particles; 

20 (d) "particles", which, unless otherwise specified, are fine fragments of dust and other unknown materials deposited 
on the surface during exposure to ambient atmospheric conditions; and (e) ink. 

a. Indium Tin Oxide on Glass and Quartz 

25 [0121] In this example, thin glass and quartz substrates having a thin film of indium tin oxide (lnSnO x ) were treated. 
The data in runs 1 -7 are for the glass substrate, where fingerprints, environmental particles, and a haze of finely divided 
particles were removed. In runs 8-11, ink, fingerprints and haze were removed from the quartz substrate. The results 
are summarized in Table 7a below. The correction coefficients used for these data are m = 0.1023, b = 2.742. 
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[0122] These data generally show that an indium tin oxide thin film can be effectively cleaned without damaging the 
film, specifically at an energy flux per pulse (F^) of less than 0.30 J/cm 2 and power flux per pulse (F eps ) of less than 
8.7 MW/cm 2 . However, at F eps = 0.31 J/cm 2 and F pps = 9.9 MW/cm 2 the thin film was damaged. 

5 b. Aluminum Film on Silicon 

[0123] In this example, particles were removed from a thin (thickness of approximately several hundred Angstroms) 
film of aluminum on digital micromirror devices. Particles that adhere to this aluminum film are disadvantageous be- 
cause they distort the image projected by the mirrors. The results of the treatment are summarized in Table 7b, below. 
10 The correction coefficients used for these data are m = 0.0082, b = 5.9357. 
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[0124] tn runs 1-5, the digital micromirror devices were treated with polarized laser energy and the particles were 
effectively removed without damage to the devices. 

[01 25] In run 6 the film was damaged when the beam splitter was replaced with a 50% beam splitter (non-polarizer) 
available as part no. 248-P50-45-2D-AR from Acton Research of Acton, Massachusetts. This beam splitter has 45 
degree coating and at a wavelength of 248 nm (the wavelength of the laser employed in this example) the energy of 
the incident beam is divided into 50% transmission and 50% reflection. The correction coefficients used for this run 
are m = 0.00794. b = 5.813. 

[0126] Runs 7 and 8 illustrate the effectiveness and similarity of removing panicles from both beveled and flat boro- 
silicate glass, respectively. 

c. Nickel Coating on a Metal Alloy 

[0127] In this example, a metal alloy optical stamper having a thin film of nickel was treated. The undesired materials 
removed were: a) polycarbonate particles; b) environmental particles: c) pieces of latex gloves, which were fused onto 
the nickel surface using heat and pressure: d) glycol residue; and e) machine lubricating oil. The results are summarized 
In Table 7c, below. The correction coefficients used for these data are m = 0.1052, b = 4.7874. 
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[0128] The polycarbonate and particles were removed using multiple passes at F eps =0.18 J/cm 2 and F pps = 5.3 MW/ 
cm 2 . Both wet and dry latex glove material was removed at F ep8 =0.16 J/cm 2 and F pps = 4.8 MW/cm 2 . The wet latex 
glove material caused some localized corrosion. Glycol was removed in a single pass and the removal of oil required 
two passes at F eps = 0.13 J/cm 2 and F pps = 3.9 MW/cm 2 . The nickel coating was damaged at F op8 = 0.27 J/cm 2 and 
5 F pps = 78 MW/cm 2 as bubbles were observed on the surface. 

d. Chrome Thin Film on Quartz 

[0129] In this example, runs were made using a quartz substrate having an 800 A thick chrome layer. The chrome 
10 layer had three surface geometries: (a) a generally planar, unpattemed surface: (b) a surface patterned for a logic 
mask: and (c) a surface patterned for a DRAM mask. Environmental particles were removed in runs 1-10 and 17-23. 
In runs 11-16 photoresist residual was the contaminant. Runs 1 7-20 were performed to determine the damage thresh- 
old. The results are illustrated in Table 7d, below. The correction coefficients used for these data are m = 0.1888. b = 
5.5861. 
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[0130] Particles were effectively removed from the unpattemed, chrome film without damage at = 0.06 J/cm 2 
and F pps = 1 .8 MW/cm 2 . Under stable energy and power fluxes, photoresist residual removal from unpattemed, chrome 
film was dependent upon the average energy flux per pass, F epa . At F epa = 2.5 J/cm 2 . no removal occurred even after 
multiple passes. Two passes effectively removed the photoresist residual at F^ = 5.1 J/cm 2 , however, at F^ values 
of 5.4 and 6.3 J/cm 2 the chrome coating began cracking. 

[01 31] For runs involving the patterned logic mask, the data suggest that the upper operational limit is at F^ = 0.07 
J/cm 2 , F^ = 2.5 J/cm 2 , and F ppa = 2.0 MW/cm 2 because under these conditions some damage occurred. 
[0132] Particles were not removed from the patterned, DRAM mask at F^ = 0.05 J/cm 2 , F epa = 1 .8 J/cm 2 , and F pps 
= 1 .4 MW/cm 2 . At higher energy and power fluxes, effective removal was observed. 

e. Hafnium Oxide on Optics 



[0133] In this example, a different adjustable focusing lens 457 was employed. This lens is 50 mm x 50 mm with a 
focal length of 200 mm and is available as part no. 03-060-1 -248-AR from Acton Research of Acton, Massachusetts. 

15 in the following runs, contaminants were removed from a 20A thick hafnium oxide coating on quartz and on BK-7 (an 
industry-standard composition of borosilicate crown glass). It was discovered that polarized light was ineffective in 
removing the contaminants, whereas unpolarized light was effective. The results are summarized in Table 7e, below. 
The substrates treated were: a) an optical reflector (BK-7); b) a Porro mirror (quartz); c) a Dove prism (BK-7); a laser 
reflector (BK-7); and e) and an output coupler (BK-7). The undesired materials treated were: a) fingerprints; b) saliva; 

20 c) adhesive; d) and stain. Only environmental particles were present on the substrate where the contaminant is identified 
as either "clean" or "set-up". The correction coefficients used for these data are m = 0.0436, b = 2.7844. 
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[01 34] Fingerprints, saliva, and adhesive were removed from the optical reflector (BK-7) without damage to the haf- 
nium oxide film. Runs 4 and 5 again indicate the significance of the flowing gas, in that no removal was achieved 
without flowing gas in run 4, while complete removal was achieved in run 5 with gas flow and the same power and 
energy fluxes and lower total energy. 

5 [0135] The treatment surface of the porro mirror was recessed relative to its mounting. In run 1 the adhesive was 
observed to detach and re-adhere to the treatment surface. In subsequent runs the gas nozzle was reoriented to 
impinge the flow on the surface (rather than flowing parallel to the surface) and the flow rate increased to more effectively 
entrain the removed contaminants. Adhesive and saliva were removed from a porro mirror (quartz) and damage oc- 
curred where F ep8 = 0.47 J/cm 2 and F pps = 13.8 MW/cm 2 . 

io [0136] Particles were removed from a dove prism (BK-7) without film damage at F epa = 0.34 J/cm 2 and F pp8 = 10.1 
MW/cm 2 . Removal of fingerprints and adhesive required higher energy and power flux levels (per pulse) of 0.50 and 
14.6, J/cm 2 respectively. Fingerprints, particles, stains and saliva were removed from the laser reflector (BK-7) and 
the output coupler (BK-7). 

[01 37] Several surfaces were damaged during saliva removal. It is believed that corrosion occurred due to the acidic 
is nature of saliva. 

f. Piezoelectric Substrates 

[0138] In this example, environmental particles were removed from three piezoelectric materials: lithium niobate 
20 (LiNb0 3 ); lithium tantalate (LiTa0 3 ); and quartz. Initially, unpolarized light was employed and was ineffective in removing 
particles. Next, the beam splitter was disposed in the optical train so that the reflected beam 920 was applied to the 
surface, as was done in all of the previous "polarization" examples (7a-e). This was also found to be ineffective. The 
optical train was then reconfigured to dispose the beam splitter so that the transmitted beam 930 was applied to the 
treatment surface. This was accomplished by placing the beam splitter between turning mirrors 455 and 456 in Fig. 
25 2B such that the laser light reflected from fuming mirror 455 was transmitted through the beam splitter to turning mirror 
456. The same result, polarization in transmission, may be accomplished using the apparatuses schematically illus- 
trated in Figs. 2A and 2C by placing the beam splitter between turning mirror 455 and turning mirror 456. The trans- 
mitted, polarized light produced superior results. 

[0139] The substrates employed are LiNb0 3 (runs 1-10), LiTa0 3 (runs 11-16), and quartz (runs 17-23). In the run 
30 number, the letter N designates the use of nitrogen as the carrier gas and A designates argon. Thus, 1 1 N identifies an 
experimental run using nitrogen and LiTa0 3 and run 19A represents a run that employed argon gas across a quartz 
substrate. The results are summarized in Table 7f, below. The correction coefficients used for these data are m = 
0.1701, b = 4.4228. 
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[0140] For LiNb0 3 , particle removal was more effective when using argon gas than when using nitrogen. This im- 
proved removal even occurred at lower energy and power fluxes (per pulse). The LiNb0 3 substrate was damaged at 
higher flux rates, F eps 0.09 J/cm 2 and F pps = 2.8 MW/cm 2 . The average energy flux per pass (F^) appears to be 
30 unrelated to removal effectiveness and surface damage. 

[0141] The results are similar for LiTa0 3 as removal was effective at lower fluxes using argon as compared to nitrogen. 
The surface treated in run 16A was cracked before treatment. Particles were effectively removed from this surface 
until the laser light encountered the crack - the substrate then shattered. 

[0142] The data do not suggest any relationship between removal effectiveness and the type of carrier gas for the 
35 quartz substrate. 

[0143] The selection of the carrier gas is more significant with the ferroelectric substrates. It is believed that argon 
gas may be more effective than nitrogen in sweeping particles away from the tested substrates because argon is a 
noble gas which is less reactive with these substrates than is nitrogen. 

40 8. Back Side Cleaning 

[0144] A variety of substrates were treated by irradiating the side of the substrate opposite to the side bearing the 
undesired material. In this orientation of the substrate with respect to the incident radiation, the undesired material is 
considered to be on the "back" side of the substrate. The tests described above are considered to be "front side" 

<5 cleaning because the undesired material was removed from the side of the substrate irradiated. 

[0145] The apparatuses used to conduct the tests described below are essentially the same as those illustrated in 
Fig. 2A-C. except that the treatment sample is oriented so that the surface from which the undesired material is to be 
removed faces down. (The sample is held in position above the stage by an adjustable holder.) The radiation is thus 
applied to the "desired material" side, or the contaminant-free side of the substrate. The gas delivery system was also 

50 reoriented to flow gas across the lower side of the substrate (except as noted below) and the video camera reoriented 
to observe the front side. 

a. Removal of Polycrystalllne Silicon from Quartz 

55 [01 46] In this example, a quartz furnace tube was treated to remove a layer of polycrystalllne silicon. The test spec- 
imen was essentially the same as that described in Example 5, above, and the irradiation incident region and application 
technique was the same as Example 5 except that the sample was radiated from the back side. The data are presented 
in Table 8a, below: The correction coefficients used for these data are m = 0.029. b = 1 .20. 
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[01 47] The data indicate that polycrystalline silicon can be removed from a quartz substrate by applying the radiation 
from the back side of the substrate. It was observed that the silicon was released in relatively large flakes, so that the 
entire thickness of the silicon over a given area of the substrate came away in a single event, rather than by gradual 
removal as seen in Example 5 above for front side application of radiation. 

5 

* 

b. Removal of Manganese Ions from Quartz 

[0148] In this example, a quartz substrate coated with manganese ions from the residue of a dried manganese 
standard solution (1000 ppm N\n++) was treated by irradiation from the front side (runs 1-3, ions proximate to the laser 
io beam), the back side (runs 5-7, ions distal to the laser beam) and sequentially from both sides (run 4). In these tests, 
the gas was flowed across the surface having the manganese ions. The results are shown in Table 8b1 , below. The 
correction coefficients used for these data are m = 0.0698. b = 2.7757. 
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[01 49] In runs 1 -4, the treatment was found to produce a by-product or residue on the surface of the substrate that 
is believed to be indicative of damage. In runs 5-7 no such residue was observed. In fact, in run 4 the residue created 
in the front side operation was removed in the back side treatment. Furthermore, runs 5-7 resulted in complete ion 
removal, whereas runs 1 -3 provided only partial cleaning. 

[01 50] In the following tests, radiation was applied to the side of the quartz substrate opposite to the side having the 
undesired material or contaminant (back side treatment). The gas was flowed across the front side in runs 1-4 and 
across the back side in runs 5-12. The data are shown in Table 8b2, below. The correction coefficients used for these 
data are m = 0.0698, b = 2.7757. 
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Table 8b2 (continued) 
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[0151] These data indicate that the flowing gas should be directed across the surface having the undesired materiat. 
A comparison of runs 1 -4 and 9-1 2 demonstrates that effective removal occurs using the back side irradiation technique 
even when employing substantially reduced energy and flux levels. 

c. Removal of Organics from Various Materials 

[0152] In this example, organic material (black ink) was applied to the "front" surface of samples of various substrate 
materials. These samples were then treated by irradiation from their back side. The substrates included: a) <100> 
silicon; b) 304 electropolished stainless steel; c) opaque wafer carrier plastic (reflected the laser light); d) "Canasite." 
a ceramic material that is a proprietary formulation of calcium, sodium and silicon; e) polytetrafluoroethylene (20 mil 
thick); f) polypropylene film (from a "freezer bag); and g) polycarbonate packing tape applied to quartz. The results 
are summarized in Table 8c. below. The correction coefficients used for these data are m = 0.0698, b = 2.7757. 
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[0153] The ink was not removed from the silicon <100>, stainless steel, wafer carrier plastic, or Canasite, but was 
effectively removed from the polytetrafluoroethylene, polypropylene and polycarbonate on quartz. The distinction be- 
tween removal effectiveness appears to be derived from the differences in transparency of the substrate material to 
the wavelength of the KrF laser light. All of the materials that were not cleaned are essentially opaque to the KrF light, 
5 while those that were cleaned are at least somewhat transparent. It Is noted that polytetrafluoroethylene weakly trans- 
mits KrF laser light at the tested thickness of 20 mil. 

[01 54] The mechanism by which the back side cleaning removes undesired material from the front surface is unclear. 
One possibility is a photon/phonon interaction. It is known that a phonon field can be generated in a substrate in the 
direction of an applied laser field. Phonons can vibrate the bonds in covalent or ionic, as well as amorphous or crystalline 

10 solid structures. At a given frequency, (t is believed that these vibrations can transfer sufficient energy to break bonds 
between desired and undesired material. The strength of the phonons may be enhanced by the surface crystal interface, 
thin film coatings on the surface, and the nature of the undesired material. Some background theoretical references 
on phonons are A. Neubrand and P. Hess, "Laser generation and detection of surface acoustic waves: elastic properties 
of surface layers," Journal of Applied Physics , vol. 71 (1) (1992), pp. 227-38; R. Hrovatin and J. Mozina, "Optical 

15 probing of laser induced surface waves in a transparent plate." Journal of Applied Physics , vol. 71(12) (1992) pp. 
6192-6194; and P. Knipp, "Phonons on stepped surfaces," Physics Review B, Condensed Matter , vol. 43 (15) pp. 
6908-23. compared to nitrogen. 

9. Enhancement of Chemisorption 

20 

[0155] As described in the US Patent No. 5,024,968. thin film growth on semiconductor surfaces (such as by chem- 
isorption of organometallic film on a silicon oxide substrate) can be enhanced by pretreating the substrate by irradiating 
the treatment surface with energetic photons in the presence of a flowing inert gas (in accordance with the method 
disclosed and claimed therein) to remove carbon contaminants, which would otherwise reduce the conductivity or 

25 insulating properties of the film. The thin films can also be removed by the same treatment. Such surface preparation 
and removal, although under high vacuum conditions rather than in the presence of a flowing gas, was subsequently 
reported for several organosilane films on glass and fused silicon slides. Dulcey et al, "Deep UV Photochemistry of 
Chemisorbed Monolayers: Patterned Coplanar Molecular Assemblies" Science Vol. 252, 551 - 554 (April 1991). As 
shown in the US Patent No. 5,643,472, a variety of undesired materials can be removed from a variety of substrates, 

30 including metals, silicon-based materials, and oxides of both metals and silicon-based materials. Any such substrates 
can be treated to remove contaminants (undesired materials) from bond sites to which it is desired to chemisorb other, 
desired materials, by breaking the bonds between the undesired material and the substrate using the method of the 
invention and subsequently exposing the substrate to the desired material. 

35 

Claims 

1 . A method for selectively removing undesired material from a treatment surface of a substrate (1 2) without affecting 
the physical properties of desired material to be left on the treatment surface adjacent to or underlying the undesired 

40 material, comprising the step of: 

irradiating said undesired material with polarized energetic photons (11) in a spatial and temporal concen- 
tration sufficient to release the undesired material from the treatment surface and insufficient to alter the physical 
properties of the desired material, and wherein irradiating said undesired material with polarized photons includes 
breaking with a polarizer (900) an incident beam of unpolarized light (910) into first and second polarized beams 

^5 (920,930), with different characteristics. 

2. A method as recited in claim 1 , further comprising directing a more effective one of said first and second polarized 
beams (920,930), from the standpoint of releasing undesired material without altering physical properties of the 
desired material, more toward said undesired material than the less effective one of said first and second polarized 

50 beams (920,930). 

3. A method as recited in claim 2, comprising applying the first (920) of said polarized beams (920,930) against a 
first substrate due to its greater effectiveness, and then disposing the polarizer (900) within a new optical train 
configuration to apply the second (930) of said first and second polarized beams (920,930) against a second, 

55 different substrate more effectively treated by said second polarized beam (930) than said first polarized beam 

(920). 

4. The method of claim 1 , wherein the desired material includes a thin film (12b) and a substrate base (12a) for the 
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thin film (12b) upon the substrate base (12a). 

5. The method of claim 4, wherein the thin film (12b) is selected from the group consisting of chrome, indium tin oxide, 
aluminum and nickel. 

5 

6. The method of claim 5, wherein the thin film substrate base (12a) is selected from the group consisting of quartz, 
borosilicate glass, silicon, steel and aluminum. 

7. The method of claim 6, wherein the thin film (12b) is chrome and the thin film substrate base (12a) is quartz or 
10 borosilicate glass. 

8. The method of claim 6, wherein the thin film (1 2b) is indium tin oxide and the thin film substrate base (1 2a) is quartz 
or borosilicate glass. 

15 9. The method of claim 6, wherein the thin film (12b) is aluminum and the thin film substrate base (12a) is silicon. 

1 0. The method of claim 6, wherein the thin film (1 2b) is hafnium oxide and the thin film substrate base (1 2a) is quartz 
or borosilicate glass. 

20 11. The method of claim 6, wherein the thin film (12b) is nickel and the thin film substrate base (12a) is steel or alu- 
minum. 

12. The method of claim 1 , further comprising the step of: 

simultaneously introducing across said undesired material a flow of gas (18) substantially inert to said sub- 
25 strate(12). 

13. The method of claim 1 , 

wherein irradiating said undesired material with polarized energetic photons (1 1 ) includes polarizing laser light 
30 (910) such that a first and a second beam (920,930) of polarized laser light is produced with the first beam 

(920) being one wherein the s-component of the laser light substantially predominates over the p-component 
of the laser light, and the second beam (930) being one wherein the p-component substantially predominates 
over the s-component of the laser light; and wherein the step of irradiating said undesirable material further 
includes 

35 applying one of said predominant polarized laser light beams (920,930) to said treatment surface with said 

applied beam having an energy flux and power flux sufficient to release the undesired material from the treat- 
ment surface and insufficient to alter the physical properties of the desired material. 

14. The method of claim 13, wherein applying said one of said first and second polarized laser light beams (920,930) 
to against the undesired material includes applying said substantially predominant p-component polarized laser light 

beam (930) to a piezoelectric substrate (12) supporting said undesired material. 

15. The method of claim 14, wherein said piezoelectric substrate (12) includes at least one of lithium tantalate and 
lithium niobate. 

45 

16. The method of claim 14, wherein each of said first and second polarized beams (920,930) carry approximately 
50% of the incident beam's energy and power. 

17. The method of claim 13, wherein said applied polarized beam is applied against a thin film treatment surface 
50 supporting the undesired material to be removed and wherein said applied one of said first and second beams 

(920,930) is more effective than the non-applied beam in removing the undesired material from the thin film (12b) 
without altering the physical properties of the thin film (12b). 

18. The method of claim 13, further comprising the step of: 

55 simultaneously introducing across said undesired material a flow of gas (1 8) substantially inert to said sub- 

strate. 

19. The method for selectively removing undesired material as set forth In claim 14, wherein the step of irradiating 
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said undesired material includes 

irradiating said undesired material with polarized energetic photons (11) at energy and power flux levels 
sufficient to break the constituent bonds of the undesired material and insufficient to raise the temperature of the 
desired material to a level which would produce changes in the physical properties of the desired material, and 
wherein the irradiating is carried out simultaneously with a step of flowing a gas (1 8) which is inert to the substrate 
(12) across said undesired material. 

20. A The method of claim 1 , wherein said substrate having a first side and a second side opposite to the first side, 
comprising the step of: 

irradiating the second side of the substrate with energetic photons (11 ) in a spatial and temporal concentration 
sufficient to release the undesired material from the first side and insufficient to alter the physical properties 
of the desired material, and said irradiating the second side including directing the energetic photons first 
across the second side, then through a portion of said substrate an interface region between said undesired 
material and said first side of the material while simultaneously introducing a flow of gas (18) across the un- 
desired material which is substantially inert to said substrate, and 

wherein irradiating the substrate includes breaking an incident beam (910) of unpolarized light into first (920) 
and second (930) polarized beams, with different characteristics, and directing a more effective one of said 
first and second polarized beams (920,930), from the standpoint of releasing undesired material without al- 
tering physical properties of the desired material, more toward said undesired material than the less effective 
one of said first and second polarized beams. 

21. The method of claim 20, wherein the substrate is substantially transparent to the irradiation. 

22. The method of claim 20, wherein the substrate is quartz and the undesired material is polycrystalline silicon. 

PatentansprUche 

1. Ein Verfahren zur selektiven Entfemung von unerwunschtem Material von einer Behandlungsflache eines Sub- 
strats (12), ohne dabei die physikalischen Eigenschaften des erwunschten Materials, das auf der Behandlungs- 
flache verbleiben soli und das an das unerwunschte Material angrenzt oder darunter liegt, zu beeinflussen, urn- 
fassend die Schritte: 

Bestrahlen des unerwunschten Materials mit polarisierten energiereichen Photonen (11) in einer raumlichen 
und zeitlichen Konzentration, die ausreicht, urn das unerwunschte Material von der Behandlungsflache loszulosen, 
und die ntcht ausreicht, urn die physikalischen Eigenschaften des erwunschten Materials zu andem, und wobei 
das Bestrahlen des unerwunschten Materials mit polarisierten Photonen das Aufspalten eines einfallender Strahls 
unpolarisierten Lichts (910) mit einem Polarisator (900) in erste und zweite polarisierte Strahlen (920, 930) mit 
unterschiedlichen Eigenschaften beinhaltet. 

2. Ein Verfahren gemaB Anspruch 1 , ferner umfassend das Leiten eines wirksameren der ersten und zweiten pola- 
risierten Strahlen (920, 930), vom Standpunkt der Loslosung von unerwunschtem Material ohne Anderung der 
physikalischen Eigenschaften des erwunschten Materials aus, mehr in Richtung des unerwunschten Materials als 
den weniger wirksamen der ersten und zweiten polarisierten Strahlen (920, 930). 

3. Ein Verfahren gemaB Anspruch 2, umfassend das Richten des ersten (920) der polarisierten Strahlen (920, 930) 
auf ein erstes Substrat aufgrund seiner grbBeren Wirksamkeit und anschlieBend das Anordnen des Polarisators 
(900) in einer neuen Lichtwegkonfiguration, urn den zweiten (930) der ersten und zweiten polarisierten Strahlen 
(920, 930) auf ein zweites, unterschiedliches Substrat zu richten, das durch den zweiten polarisieren Strahl (930) 
wirksamer behandett wird als durch den ersten polarisierten Strahl (920). 

4. Das Verfahren nach Anspruch 1 , bei dem das erwunschte Material einen dunnen Film (12b) und eine Substratbasis 
(12a) fur den dunnen Film (12b) auf der Substratbasis (12a) umfaBt. 

5. Das Verfahren nach Anspruch 4, bei dem der dunne Film (12b) ausgewahlt ist aus der Gruppe, bestehend aus 
Chrom, Indiumzinnoxid, Aluminium und Nickel. 

6. Das Verfahren nach Anspruch 5, bei dem die Substratbasis (12a) fur den dunnen Film ausgew&hlt ist aus der 
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Gruppe, bestehend aus Quarz, Borsilicatglas, Silicium, Stahl und Aluminium. 

7. Das Verfahren nach Anspruch 6, bei dem der dunne Film (12b) Chrom ist und die Substratbasis (12a) fur den 
dunnen Film Quarz Oder Borsilicatglas ist. 

8. Das Verfahren nach Anspruch 6, bei dem der dunne Film (1 2b) I ndiumzinnoxid ist und die Substratbasis (1 2a) fur 
den dunnen Film Quarz Oder Borsilicatglas ist. 

9. Das Verfahren nach Anspruch 6, bei dem der dunne Film (1 2b) Aluminium ist und die Substratbasis (1 2a) fur den 
10 dunnen Film Silicium ist. 

10. Das Verfahren nach Anspruch 6, bei dem der dunne Film (12b) Hafniumoxid ist und die Substratbasis (12a) fiir 
den dunnen Film Quarz oder Borsilicatglas ist. 

is 11. Das Verfahren nach Anspruch 6, bei dem der dunne Film (12b) Nickel ist und die Substratbasis (12a) fur den 
dunnen Film (12a) Stahl oder Aluminium ist. 

12. Das Verfahren nach Anspruch 1 , femer umfassend den Schritt: 

gleichzeitiges Leiten eines Stroms eines Gases (18), das im wesentlichen inert gegenuber dem Substrat 
20 (12) ist, uber das unerwunschte Material. 

13. Das Verfahren nach Anspruch 1 , 

bei dem die Bestrahlung des unerwiinschten Materials mit polarisierten energiereichen Photonen (11) polari- 
25 siertes Laserlicht (910) umfaBt, so daB ein erster und ein zweiter Strahl (920, 930) polarisierten Laseriichts 

erzeugt werden, wobei der erste Strahl (920) ein Strahl ist, bei dem die s-Komponente des Laseriichts die p- 
Komponente des Laseriichts wesentlich uberwiegt, und der zweite Strahl (930) ein Strahl ist, bei dem die p- 
Komponente die s-Komponente des Laseriichts wesentlich uberwiegt, und wobei der Schritt der Bestrahlung 
des unerwiinschten Materials femer umfaBt 
30 das Richten von einem der polarisierten Laseriichtstrahlen (920, 930) mit uberwiegender Komponente auf die 

Behandlungsflache, wobei der eingesetzte Strahl einen EnergiefluB und einen LeistungsfluB besitzt, die aus- 
reichen, urn das unerwunschte Material von der Behandlungsflache loszulosen, und die nicht ausreichen, urn 
die physikalischen Eigenschaften des erwunschten Materials zu andern. 

35 14. Das Verfahren nach Anspruch 13, bei dem das Richten des einen der ersten und zweiten polarisierten Laseriicht- 
strahlen (920, 930) auf das unerwunschte Material das Richten des polarisierten Laserlichtstrahls (930) mit we- 
sentlich uberwiegender p-Komponente auf ein piezoelektrisches Substrat (12), das das unerwunschte Material 
tragt, umfaBt. 

40 1 5. Das Verfahren nach Anspruch 1 4, bei dem das piezoelektrische Substrat (1 2) wenigstens eines von Lithiumtantalat 
und Lithiumniobat umfaBt. 

16. Das Verfahren nach Anspruch 14, bei dem jeder der ersten und zweiten polarisierten Strahlen (920, 930) etwa 
50% der Energie und Leistung des einfallenden Strahls tragt. 

45 

17. Das Verfahren nach Anspruch 13, bei dem der eingesetzte polarisierte Strahl auf eine Behandlungsflache eines 
dunnen Films gerichtet wird, die das zu entfernende unerwunschte Material tragt, und wobei der eingesetzte eine 
der ersten und zweiten Strahlen (920, 930) wirksamer das unerwunschte Material von dem dunnen Film (12b) 
ohne Anderung der physikalischen Eigenschaften des dunnen Films (1 2b) entfernt als der nicht eingesetzte Strahl. 

50 

18. Das Verfahren nach Anspruch 13, ferner umfassend den Schritt: 

gleichzeitiges Leiten eines Stroms eines Gases (18), das im wesentlichen inert gegenuber dem Substrat ist, 
uber das unerwunschte Material. 

55 19. Das wie in Anspruch 14 beschriebene Verfahren zur selektiven Entfernung von unerwunschtem Material, wobei 
der Schritt des Bestrahlens des unerwiinschten Materials umfaBt 

das Bestrahlen des unerwiinschten Materials mit polarisierten energiereichen Photonen (11) mit Energie- 
und LeistungsfluBwerten, die ausreichen, urn die wesentlichen Bindungen des unerwiinschten Materials aufzu- 
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brechen, und die nicht ausreichen, urn die Temperatur des erwunschten Materials auf einen Wert anzuheben, der 
Anderungen der physikalischen Eigenschaften des erwunschten Materials hervorruft, und wobei die Bestrahlung 
gleichzeitig mit elnem Schritt des Leitens eines Gases (18), das gegeniiber dem Substrat (12) inert ist, uber das 
unerwunschte Material durchgefuhrt wird. 

20. Das Verfahren nach Anspruch 1, bei dem das Substrat eine erste Seite und eine der ersten Seite gegenuberlie- 
gende zweite Seite besitzt, umfassend den Schritt: 

Bestrahlen der zweiten Seite des Substrats mit energiereichen Photonen (11) in einer raumlichen und zeitli- 
chen Konzentration, die ausreicht, urn das unerwunschte Material von der ersten Seite loszuldsen, und die 
nicht ausreicht, urn die physikalischen Eigenschaften des erwunschten Materials zu andem, und wobei das 
Bestrahlen der zweiten Seite das Leiten der energiereichen Photonen zuerst iiber die zweite Seite, dann durch 
einen Teil des Substrats beinhaltet, welches einen Grenzflachenbereich zwischen dem unerwunschten Ma- 
terial und der ersten Seite des Materials aufweist, wahrend gleichzeitig ein Strom eines Gases (18), das im 
wesentlichen inert gegeniiber dem Substrat ist, iiber das unerwunschte Material gleitet wird, und 
wobei das Bestrahlen des Substrats das Aufspalten eines einfallenden Strahls (910) unpolarisierten Lichts in 
erste (920) und zweite (930) polarisierte Strahlen mit unterschiedlichen Eigenschaften und das Leiten eines 
wirksameren der ersten und zweiten polarisierten Strahlen (920, 930), vom Standpunkt der Loslosung von 
unerwunschtem Material ohne Anderung der physikalischen Eigenschaften des erwunschten Materials aus, 
mehr in Richtung des unerwunschten Materials als den weniger wirksamen der ersten und zweiten polarisier- 
ten Strahlen umfaBt. 

21 . Das Verfahren nach Anspruch 20, bei dem das Substrat fur die Bestrahlung im wesentlichen transparent ist. 

22. Das Verfahren nach Anspruch 20, bei dem das Substrat Quarz ist und das unerwunschte Material polykristallines 
Silicium ist. 



Revendications 

1. ProcSde pour enlever de maniere selective un materiau indesirable d'une surface de traitement d'un substrat (12) 
sans affecter les proprtetes physiques du materiau que Ton souhaite laisser sur la surface de traitement adjacente 
ou sous-jacente au materiau indesirable, caracterlse en ce qu'il comprend une 6tape consistant a : 

irradier ledit materiau indesirable avec des photons energetiques polarises (11 ) dans une concentration spa- 
tiale et temporelle suffisante pour liberer le materiau ind6sirable de la surface de traitement et insuffisante pour 
modifier les propri6tes physiques du materiau desirable, et dans lequel I'irradiation dudit materiau indesirable avec 
des photons polarises comprend la division, a I'aide d'un polariseur (900), d'un faisceau incident de lumiere non 
polarisee (910) en premier et deuxieme faisceaux polarises (920, 930), avec differentes caracteristiques. 

2. Procede selon la revendication 1 , caracterlse en ce qu'il comprend, de plus, I'orientation du plus efficace desdits 
premier et deuxieme faisceaux polarises (920, 930), de la position de liberation du materiau Indesirable sans 
modification des proprietes physiques du materiau souhaite, davantage vers ledit materiau indesirable que le 
moins efficace desdits premier et deuxieme faisceaux polarises (920, 930). 

3. Proc6de selon la revendication 2, caracterlse en ce qu'il comprend I'application du premier (920) desdits faisceaux 
polarises (920, 930) contre un premier substrat du fait de sa plus grande efficacite et la disposition, ensuite, du 
polariseur (900) dans une nouvelle configuration de train optique afin d'appliquer le deuxieme (930) desdits premier 
et deuxieme faisceaux polarises (920, 930) contra un deuxieme substrat different traite plus efficacement par ledit 
deuxieme faisceau polarise (930) que par ledit premier faisceau polarise (920). 

4. Precede selon la revendication 1 , caracterlse en ce que le materiau souhaite comprend un film mince (12b) et 
une base de substrat (12a) pour le film mince (12b) sur la base de substrat (12a). 

5. Procede selon la revendication 4, caracterlse en ce que le film mince (12b) est selectionn6 dans le groupe com- 
pose de chrome, d'oxyde d'indium-etain, d'aluminium et de nickel. 

6. Procede selon la revendication 5, caracterlse en ce que la base de substrat du film mince (12a) est selectionnee 
dans le groupe compose de quartz, de verre borosilicate, de silicium, d'acier et d'aluminium. 
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7. Proc6d6 selon la revendication 6, caracterlse en ce que le film mince (1 2b) est en chrome et la base de substrat 
du film mince (12a) est en quartz ou en verre borosilicate. 

8. Procede selon la revendication 6, caracterlse en ce que le film mince (12b) est en oxyde d'indium-etain et la base 
5 de substrat du film mince (12a) est en quartz ou en verre borosilicate. 

9. Proc6d6 selon la revendication 6, caracterlse en ce que le film mince (1 2b) est en aluminium et la base de substrat 
du film mince (12a) est en sllicium. 

10 10. Proc6d6 selon ia revendication 6, caracterlse en ce que le film mince (12b) est en oxyde d'hafnium et la base de 
substrat du film mince (12a) est en quartz ou en verre borosilicate. 

11. Proc6d6 selon la revendication 6, caracterlse en ce que le film mince (12b) est en nickel et la base de substrat 
du film mince (12a) est en acier ou en aluminium. 

15 

12. Procede selon la revendication 1 , caracterlse en ce qu'il comprend, de plus, I'etape consistant a introduire si* 
multanement, a travers ledit materiau indesirable, un flux de gaz (18) sensiblement inerte vis-a-vis dudit substrat 
(12). 

20 13. Procede selon la revendication 1 , 

caracterlse en ce que I'irradiation dudit materiau indesirable avec des photons energ^tiques polarises (11 ) 
comprend la polarisation d'une lumiere laser (910) de sorte qu'un premier et un deuxieme faisceaux (920, 930) 
de lumiere laser polarisee soient produits, ledit premier faisceau (920) etant celui dans lequel la composante s de 
la lumiere laser ptedomine sensiblement sur la composante p de la lumiere laser, et le deuxieme faisceau (930) 

25 etant celui dans lequel la composante p predomine sensiblement sur la composante s de la lumiere laser ; et 

caracterlse en ce que I'etape consistant a irradier ledit materiau indesirable comprend, de plus : 

1'application de Tun desdits faisceaux de lumiere laser polarisee predominants (920, 930) a ladite surface de 
traitement, ledit faisceau applique ayant un flux d'energie et un flux de puissance suffisants pour Nearer le materiau 
indesirable de la surface de traitement et insuffisants pour modifier ies propri6t6s physiques du materiau souhaite. 

30 

14. Proced6 selon la revendication 13, caracterlse en ce que Tapplication dudit un desdits premier et deuxieme 
faisceaux de lumiere laser polarisee (920, 930) contre le materiau indesirable comprend ('application dudit faisceau 
de lumiere laser polarisee a composante p sensiblement ptedominante (930) a un substrat piezo6lectrique (12) 
supportant ledit materiau indesirable. 

35 

15. Procede selon la revendication 14, caracterlse en ce que ledit substrat piezoelectrique (12) comprend au moins 
Tun en tantalate de lithium et en niobate de lithium. 

1 6. Proc6d6 selon la revendication 1 4, caracterlse en ce que chacun desdits premier et deuxieme faisceaux polarises 
<o (920, 930) transports a peu pres 50 % de l'6nergie et de la puissance du faisceau incident. 

17. Proc6d6 selon la revendication 13, caracterlse en ce que ledit faisceau polarise applique est applique contre une 
surface de traitement a film mince supportant le materiau indesirable a enlever, et dans lequel ledit faisceau ap- 
plique desdits premier et deuxieme faisceaux (920, 930) est plus efficace que le faisceau non applique pour enlever 

45 le materiau indesirable du film mince (12b) sans modifier Ies proprietes physiques du film mince (12b). 

18. Proced6 selon la revendication 13, caracterlse en ce qu'il comprend, de plus, I'etape consistant a introduire 
simultanement, a travers ledit materiau indesirable, un flux de gaz (18) sensiblement inerte vis-a-vis dudit substrat. 

50 19. Precede pour enlever de maniere selective un materiau indesirable selon la revendication 1 4, caracterlse en ce 
que I'etape d'irradiation dudit materiau indesirable comprend : 

I'irradiation dudit materiau indesirable avec des photons 6nergetiques polarises (11) a des niveaux de flux 
d'energie et de puissance suffisants pour rompre Ies liaisons des constituents du materiau indesirable et insuffi- 
sants pour elever la temperature du materiau desirable a un niveau qui produirait des modifications des proprietes 

55 physiques du materiau souhaite, et dans lequel I'irradiation est effectu6e en meme temps que I'etape consistant 

a faire circuier un gaz (18) qui est inerte vis-a-vis du substrat (12) a travers ledit materiau indesirable. 

20. Procede selon la revendication 1 , caracterlse en ce que ledit substrat comporte un premier c6te et un deuxieme 
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cdte oppose au premier cdte, comprenant I'etape consistant a : 

irradier ie deuxieme cdte du substrat avec des photons energetiques (1 1 ) dans une concentration spatiale et 
temporelle suffisante pour liberer le materiau ind6sirable du premier cdte et insuffisante pour modifier les 
proprietes physiques du materiau souhaite, et ladite irradiation du deuxieme cdte comprenant I'orientatjon des 
photons energetiques d'abord a travers le deuxieme cdte, puis a travers une partie dudit substrat, une region 
d'interf ace entre (edit materiau indesirable et ledit premier cdte du materiau tout en introduisant simultanement 
un flux de gaz (18) a travers le materiau indesirable, qui est sensiblement inerte vis-a-vis dudit substrat, et 
dans lequel I'irradiation du substrat comprend la division d'un faisceau incident (910) de lumiere non polarised 
en premier (920) et deuxieme (930) faisceaux polarises, avec differentes caracteristiques, et I'orientation du 
plus efficace desdits premier et deuxieme faisceaux polarises (920, 930), de la position de liberation du ma- 
teriau indesirable sans modification des proprietes physiques du materiau souhaite, davantage vers ledit ma- 
teriau indesirable que le moins efficace desdits premier et deuxieme faisceaux polarises. 

is 21. Procede selon la revendication 20, dans lequel le substrat est sensiblement transparent a I'irradiation. 

22. Proc6de selon la revendication 20, dans lequel le substrat est en quartz et le materiau indesirable est en silicium 
polycristallin. 
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FIG. 4 
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FIG. 8 



76 



